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ěŚ:r`vA\mź-beǆô,Ɵħ+ȣ!Ĩź(&Ʈ:=&<
ðȬƟƠ(ǳƏ:ĈŤÆ+ȀɃ
<(=&<ň`\mZDź
-ɄŅºŁ,ºȫ'ħƓ!ĪǨ'
;ŮŢƨ+µȹ?ǵư<ňź(&Ʈ
:=&<ěŚĪǨ,Ĝĥ(<ɂå-uLGZ,ºŁ'
;beǆ
!10
!11
????????????????????????????????????????????????????
??????????????????????
?????????
???????????
????????
?????
?????
?????
????????????????????????????????????????????????????????????
Ultra&atomiza+on-of-substance
Top-down Bo9om-up
Disintegra+on-of-solids-by-energy Generated-from-the-atoms-and-molecules
Dry-ground Wet-crushing
Nanopar+clesAggregates-of--
nanopar+cle
Gas-phase-method Liquid-phase-method
Aggregates-of--
nanopar+cle
ô,ºŁ-Ĝĥ(=&!ğăiUơ'<iUu,Ƨè+9$
&beǆô,ºŁ7Ʃ@+ţǸ=<9+*$!iUu-beǆô?
ðȬƟħ<(Ðǘ'
;r`vA\mź+Ŵ1ĈŤƨ+¬(=&<
iUu,äĔ-ĽįũäužȚǂäuAcz}ƞƘ u+ºɆ
=&<žȚǂä,ȝǐĔu'-îª+ĽįYL?ǹ1<('ðȬĞƞ
Ðǘ+*;ĈŤƨ*beǆô,Ɵħ+&ž'
<Ǔä,žȚǂäu
,ŦƤß?Figure 13+ƴw_BAiUĀ°=!ǅưû+¶ƝÿȄ(*
<ǅ?Ɖó+ƂÓ!T}~?ȗƀsm'¡ǎ<(+9$&ǆô,ğ
ǊÆ?Ȟ6<('<iUu-xY+9<ȏÜȎ'ɈÅY
j,ÜȎ'w_BAiUȟÅ<18)w_BAiU-¶ƝÿȄ+ǩļĻ
ľ¿ņ;ĢÀáǔ*),FdK?<('ğǊÆ?Ȟ6<
Figure 14)ƪƨ(<ºŁƀ?Ĝ<!6+-iUu,Ùțw_BAi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???????????
????????????????????
??? ?????????????
?????????????????????????????????????????????????????????????
U,Řȇw_BAiU,PCU19,20)9/¡ǎȬ?ŔȣÆġǯ*Ĭ°ÅÀ
'¶Ɲ<(ġǯ'
<21,22)Ùț?Ɋ0<('¶ƝÄƚ?<(
'<Ôŏ+ȠºŁ,~TL?!6ºŁŔǠ(*<sC`?ǰ"
(Ȫǯ'
<23)4!Ŕȕ'-a}CACTiU?$!OYuT
*iUu8ȢĠºȺŮŧ?9;Ɋģǘ+!2ȏä,iUuǋ=&
<24,25)
!
????????
? beǆô?ŕŮƉó'ºŁ<!6+-ǆô(Ɖó,+ºŁ¾?ơ<
ġǯ
;ƣȿŽģ¾8s~tǇºŁ¾*)ï0ċȆ=&<,ŧȜ
-ǆô0,×ƭ9/ÍĢPC`(&ŶȩæHrJRæAOJRæ
Aueæ~ȩ8Ȩô*)ǆôǪȿ'ÍƦơ,
<ƼȸüPC`(&
-s~FT^s~F^s~DYFsJRR~O*)'ŧħ
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=&<Figure 15)ɄŅºŁ+&-,9*ƶ	,ºŁ¾:ȤĮ
<('ºŁ<(Ðǘ'
<ȚĎuLPCU'
<,'Ŵȑƨ
ýō'
<bePCU,ǆôºŁ+&-ȾĎ+ð*ǪȿƷ+ÿ
&ǆôǪȿ?¦ȃ&0ġǯ
<!69;Äƚƨ+Ǫȿ¶Ɲ'<ŘŅ
ŷ6:=&<R}H\m~M¾-ěŚ:ǅ,Ǫȿ¶Ɲ+ŕÄ*(
Ʈ:=&;beǆô?ºŁ<!6,Ǫȿ¶Ɲ+&7ŕÄ'
<(ǖ
:=<26-29)
!
???????????????
 Åƨ¯Łź(Dynamic Light Scattering : DLS)+9<ǆôę,Ɔù-
Microtrac UPA150?ŊŮǬǭ?9/ƋÉǇǆôęAb}CQFPAR-1000?ðëȼ
ôǭ? ơ&Ɔù!Ɖƀ+ºŁ!ǆô-l}DȟÅ?&;ǆô,
PCU+Ģ&l}DȟÅ,țƥ*<+Q¯?ƒā<('
Ł¯ƦƟǆôę+Ģ!Ł¯Ėē,ĸ:?ţ¹Û'ǳƆ<('ǆ
ôęĜ:=<Microtrac UPA150-n^ZCź+9$&ǵŜ?ǧǬǕ'

<n^ZCź-ğĕ*Ł¯(Q+9<æƈŻ?ƂÓ¯ţ¹Û
+9;ȼŵ§Ñ(&Ï;¹,§Ñ9;hTpL`?ŷ6ÙŻłǵŜ
?ǧ('ǆôę?Ĝ<('<4!ƋÉǇǆôęAb}CQFPAR-
1000-qxZCź+9<ǵŜ?ǧǬǕ'
<qxZCź-Ł¯,5?
¯ţ¹Û'ȼŵ§Ñ+íķǝĊƫȳȳł?ŷ6&¯ôƫȳź+9;ǆôę?Ĝ
<('<(Figure 16)?
? beǆô,ºŁ-ȘȠäȼôɅğȯ(Transmission Electron Microscope : 
TEM?JSM-2100?Ŋŗȼôǭ)?ơ&ƆùfCl~\aǥǛ,ėĦǳþ-ȼ
ƣŀ¹äȉşȼôɅğȯ(Field Emission Scanning Electron Microscope : FE-
SEM?JSM-6700F?Ŋŗȼôǭ)?ơ&Ɔù!ȼôɅğȯ-ȼôȮ8ȼô
!14
U*),¯öǇǌ5Ȕ4=&;Âț!ȼôǒ?ƒā<('«?
Ĝ<('<TEM-ǻŅ+ȼôǒ?ƒāȘȠ!ȼô?ǳþ<,+
ÿFE-SEM-ȼôǒ?ǻŅǪȿ'ȉş<('ǻŅ:ŀ¹=<2
Űȼô?ơ&«?Ǫƴ<TEM,Ɔù+-ĿıǛM~\a+ºŁ?
ƊƉóȵË!ǻŅ?ơ&ǧ$!FE-SEM,Ɔù+-I}TæŘ+
s~tfCl~\aǥǛ?UV??čȼȴű,!6+ȭ?Th\Y!ǻ
Ņ?ơ&ǧ$!?
?FT-IR (Fourier Transform Infrared Spectroscopy)TpL`-k~Fíķ
Ȉîº¯¯ēǷ (NICOLET-4700?PxcOǭ )+ZCyxaATR 
(Attenuated Total Reflection)?ơ&Ɔù!ŻȰ?ȝǐƨ+íÆ!Ȉîǒ
?ºô+ƒā<(ºô,àŕĴÅ(ÔÙŻł,Ȉîǒ?×Î<(:
ºôŧȜ+Ģ!TpL`Ĝ:=ŉƮ,TpL`(Ŵȑ<('ºôŧ
!15
Scattering lightScattering light
Base light
Laser light Laser light
Detector Detector
ParticlesParticles
Heterodyne method Homodyne method
?????????????????????????????????????
Ȝ?Ôù<('<ZCyxaATR+°ā<Ȉîǒ-ǻŅƣȿ'±
Íā<ȧ-ǻŅ,Ǫć'×Î=<!6ǻŅǪć,ł µm,Ɓ4',
Ɔù?ǧ('beǆôºŁƀ?ZCyxaATR'ƉóȵË<(
'Ɔù! 
? ƔȪȬƄĄ,Ɔù+-ƔȪȬºŜǬǕ?TG/DTA320VCOCT]w
`ǭ? ??????ƔºŜ,ňź-ÂƔƍ³'ǻŅ?ù,țē'ŋƅ
*:ǻŅ,ȪȬíÆ?ȝǐƨ+Ɔù<7,'
<Ɔù-beǆôºŁƀ
?ȢĠºȺ'_H^R|!Ě+Ɖó?ȵËƕ!àėº?Ĝ!Ě
10 mg,àėº?ơ30??600?ŋƅțē10??minƻǈȻÞŵ,ř'
ǧ$!
±¯ǒȘȠƚÌ/nCU¨,Ɔù-ǉîÐǲº¯¯ēǷ(V-560??????)+
60 mm,ƷºƜ{c\`?ǬƭƆù!¯Ƈ-ȪŶǈ}m(190-350 nm)
9/fN}m(330 nm-900 nm)?ơǻŅ?ȘȠ!Ě,Ėē?ǳƆ<
ǬǕ'
<±¯ǒȘȠƚ+&-ĖēI0,Èǡ¯ǻŅ?ȘȠ&ĖēI+
*$!(ȘȠƚ(%)=(I/I0)×100'Ǫ=<4!nCU-ƷºƜ+9$&Ș
Ƞ¯?Đǧ¯ȘȠƚ(İŁȘȠƚ(Is)+ºȺ±¯ǒȘȠƚ(İŁȘȠƚ?ơ
&nCU(%)=(İŁȘȠƚ/±¯ǒȘȠƚ)×100'ŷ6<('<(Figure 17)? 
 ąĭƚ,Ɔùňź+-ǜƣǴźm~UvHm}ź©¯ǵŜź*)
;ŗ
ƯƸ'-Íāƚº¯ź,Íāº¯ǛÉǷ?ơ!Íāº¯ǛÉǷ-ǏÿÍāƚ
TpL`?ƆùŔăź+9$&ąĭƚ(ǛÉ?ŔȣÆ<ǬǕ'
<
©¯ǵŜź+ȕŴȑƨǻŅǭ8ǵŜh}wY,ǹùǄ¤*Ɔùňź'

<
?1H-NMR (Nuclear Magnetic Resonance)TpL`-ŠƳŵ²ɋǬǕ(AL-
300Ŋŗȼôǭ)?ơ&Ɔù!1H,ÊôŠ+-2%,ŠTj(+1/2(-1/2)
õâÊôŠ?Ƴè,+°=<('ŠTj-= =ȡ$!FdK
!16
ƈ+ȨÕ<=+ȼƳŻ?ƒā<(FdK,×ÎȊ;ŠTj
+1/2-1/2+*<!6,²ɋÙŻł?ţƮ<('ºôŧȜ?ǵŜ<(
'<ŗƯƸ'-ȪLqv+Ɖǵ!ǻŅ?ơ&Ɔù!
ºôȬ-ȇȬºŜǷ(JMS-600HŊŗȼôǭ)?ơ&ȼƣǚȺȇȬºŜ(Field 
Desorption Ionization Mass Spectrometry : FD-MS)?ɊțÊôǩļȇȬºŜ
(Fast Atom Bombardent Mass Spectrometry : FAB-MS)'Ɔù!ȇȬºŜ,
ƆùÊƝ-ɊƬƹ'ÂƔŵÆ!ǻŅºô+ȼŵž*),ðFdK?

&<('ºô,H[G}SHƦƟ:+ȱǫ?Ȋ('0%
!17
!"#$ = !!! ×100 
Sample
Sample beam (I0)
Reference beam
White diffusing material
Sample
Sample beam (I0)
Reference beam
Measurement of scattering lightMeasurement of total transmittance
Total transmittance (I) Scattering light (Is)
??????????????????????????????????????
,k}Mw`CG?Ɵ<:+Ƴè,?ȚȠ<('CGő
:=Ƴè,Ė+Ģ&ő:=<CGƥ*<(:ȇȬ(ȼǣ,Ŵ
(m/z),ð,Ɂ+ºǵ=!TpL`?Ĝ<FD-MS-DBTH+ǻŅ?
êČɊȼè+<('CGÆ<('Ɔù<,!6Ŵȑƨ
ŹƏ,ǻŅ+ÿ&ơ<Ĩź'
<4!FAB-MS-M~V~*),t`
~\LT+ǻŅ?ƂɊț,ģÊô?ǩƺ<('ǻŅºô?CGÆ
!6ǻŅ?ŵÆ<ġǯ*0ɊŹƏ,ǻŅ*)ďĒƖȇ+ÿ&ŕÄ*
Ĩź'
<
!
???????????
? ŗƯƸ-Ĥçȼô_gCT+ơ=<Òƶ¯ökBv,ɊąĭƚÆ?x[
oR|(ȭĆȩÆƖbeǆô,s~t',ºŁ÷ùÆ,Ʀƛ(ȀɃ?
ȍ4iUu?ơ!`\mZDź+9<ŇǱ*ºŁňź(ºŁ¾+9<
beǆôºŁƀ,ȱƦ*:/+ɊąĭƚfCl~\aǥǛ(&,ģǘǺ£?ţǸ
!4!=:,ƯƸ?Ț&Ĝ:=<R}H\m~M¾,SOcAb
eǆôǪȿ',ĳÅ(s~tt`~\LT(,ƫƉģ+%&ǖþąĭƚ½
ĝÐǘ*fCl~\aǥǛ,ǭ?ǻ5!
 ƿ1ƽ'-ŇǱ*2ųȷź+9<SOcAbeǆôºŁƀ,ǭ(CWRA
d`(SOcA,ÍĢģ+%&ţǸ!Ĝ:=!SOcAbeǆôºŁ
ƀ?ơ&¯ŞŭfCl~\aǥǛ,ǭ+ħÁ!
 ƿ2ƽ'-iTkEckGǾĂ,Ŗƾ+AOJRR~æ?Ă°
&Óħ!_zAPC`äR}H\m~M¾?ơ&[YAOJRa
(,ŕŮƐŮfCl~\aǥǛ?ǭąĭƚƗģ?Ǻ£!
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 ƿ3ƽ'-iTkEckGǾĂ9;Óħ!ɊąĭƚÆR}H\
m~M¾?ơ&SOcAbeǆôºŁƀ?ǭïøǘAL~`(,
fCl~\aÆ?ţǸ!
 ƿ4ƽ'-kYȩFT^9;ǾĂ!_zAPC`äR}H\m~
M¾,ºŁģǺ£?ǧ=?ơ!SOcAbeǆô+9<ƔÐéģŬǙ
9/¯ƲÆģŬǙ,ɊąĭƚÆ?ǻ5!
!
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<=(0ē>='
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!22
~J]oN·(®¯ǙĒ-EXSCea-Ũ+:=²ĠĦōAĻƲ

åñƙCMa+²Ġ!Ơƛ-§îŠĒ+%&Ƴ!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!
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1.2.1  2ŅǗō+:=cfƋì²Ġő-Ʀ
	 20 wt%-TQdCcfƋì²Ġő.
ĀƷ-TQdC1łƋìĈǦ10-20 
nm AkdaxaLSS~VTMS
ƻ½îÿļ 02 wt%-x\H\
OaMEK ŗő'30²ǒkVvøÿļ
Fa~Cr]MUvUAM-
015 °ť
;+
ċ;>!TQdCU~+2-xZMEILSH\
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O
NCO
O
Si
OMe
OMe
OMe
????? ???????
????? ????
????????????????
????? ????
???????? ?????????????
????????
?????????????????????????????????
???????
??????????????????????????????????????????????????????????????????????????
EXSCeaMOI
īÏǜÿ A2 wt%œ¹&30²ǒ-ƺǞŎSonifier 
450A, Branson? °ť=('ċ!Figure 1.1 »ű§ĠōDLS +:=²
Ġő-ƋìĈŖò.
Microtrac UPA150ħŀƥƦ 'Ƣ$!²ĠƋì-ćĔ
.ǀǄÙǜìǠčǏTEM
JSM-2100M
JEOL? AŨ&Ƶ2!Ƌì(²Ġ
·(-ÆĐ.
mHãĞƸä²§§ąƱ(NICOLET-4700
RydQ
Ʀ)
:0ŝǊǋ²ķTG/DTA320
WEQEU^xaƦ 'Ƶ2!
!
1.2.2  gEn]bƠƛ-Ʀ
	 TQdCcfƋì²Ġő.
TrZHUapLRCMa
DPHA
ħı½ơƦ 
rZHUaaCMaPETA
«ĹŽ½
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O
O
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O
O
O
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O
O
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?
îƦ (ƀ-ŒÉŇ'ǇÉ
§~TJǑê·(&Irgacure184\hUr
Sz_DOvJVƦ AŒÉş+¹!ǇÉ!Q_DNőA
hQ
ZAŨ&PETmDw+Þā!3²ǒ80 'Ş!Ċ
UVŜù
1000 mJ/cm2 +:$&ź½!Figure 1.2 üęţ-Ŗò'.Æù²§ƛÂƱ
(FE-3000
æßǜìƦ AŨ!©§ƔǀǄţÅ0pEV¡-Ŗò+.ƏäÇƬ
²§§ąƱ(V-560
ħı²§Ʀ)AŨ!
!
1.2.3  ÆùǔŃƛ-Ʀ
	 ǣüęţþ.DPHA(TQdCcfƋì-tugEn]bƋìÌĮǋ
80 wtǥ
üęţ1.69 AŨ
üęţþ(&.
üęţ1.41-m]ƎQ
_DN·DURASURF DS-5400 AŨ!ǣüęţþ.Õć²A10 wtǥ+
Ăǉ!ǇÉőA4000 rpm
10žǒ'UlQa
§ź½!;+-
+üęţþ.5000 rpm
10žǒ'Þā
Ş!Figure 1.3 Æùţ-Ŗ
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????????????????????????????????????????????????????????
????????????????????????????????????
????????????????????????
????????????????
????????????????????????
?????????????????????????????
????????????????
ò+.ą¨ùÑÆùCZ]\xaA$!ƏäÇƬ²§§ąƱ(V-560
ħı²
§Ʀ)AŨ!
!
1.2.4  gEn]b~_]MUƋì²Ġő-Ʀ
? TQdCcfƋìA¼Ì!gEn]b~_]MUƋì²Ġő-Ʀ.
v
dHuS}ǊÉ+:$&Ƣ$!n-n\xZMa(BMA?2.8 g?0.020 
mol
cJ~E_UMƦ (olNQxZMasUmGa
(PGMP?1.9 g?0.0040 mol?BMA+÷&20 mol%?|dOvJƦ -ŒÉş+
÷&TQdC0tu+÷30 wt%2.1 g (*=:TQdCcfƋì²
ĠőA¹
pLR`J0.36 g?1.6 mmol
cJ~E_UMƦ (`Jol
NQ-4-fd-2-1-ord mGdH_ŹǈCydFwHS-
10?0.05 g?0.06 mmol
ƆÿļƦơƦ :0ŉ25 mL AǇÉ!ŒÉşA
15²ǒğĚ
Ŋŉ'9²ǒƺǞŎ°ť!Sonifier 450A, Branson? vdH
uS}ǊÉ.1ĬǒƃƎiT
80 +¹ŝ!ŒÉş+K2S2O8 (KPS?
0.05 g?0.19 mmol
~TJǑê·
cJ~E_UMƦ (ŚǈŉƎcaFw
0.01 g?0.13 mmol -ŉŗő1 mL Aœ¹
ŒÉşA80 '18ĬǒğĚ
!3!
PGMP.kdsUsǈĵ½ĖƦ 
7.EX`SsU
mGaMP-10
æª½îÿļƦ +Ɩ1Ğ&ĻƲ!ċ;>!gEn]
b~_]MUƋì²Ġő-mDw.iE]MUK~UĶ+LzUa

40 ℃'9$<Ş
ƛ­ǆ-ŉAǖÄ=!680 'Cd!
Figure 1.4 
!
!
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1.3.1  TQdCcfƋì²Ġő-²ĠĒ
	 ĀƷ-TQdCƋì.¯Ǚ&<
Įŀtu(ǀĩ*gEn]bƠƛ
AƦ=+.
>;AcfREV+²Ġ=(0ďƨ'=TQdCƋ
ì+.ƭŉĒ-ƣǝ0í×
ŉǈÛ(-ŴŨ+:$&¯Ǚ=a]o[F
ō(&Ŷ;>=kVv+:=cfƋì-ŧĖ.
ÿļű+7ºĸű*ėō
'=kVv+:=cfƋì-²Ġ.
Įŀŗë'²Ġ·AŨ=(+
:$&²Ġïò½AÔ=Ɯ+
ūǝŏĒ·*)-²Ġ·Aåǋ+Ũ=(
'ïò!TQdCcfƋì²ĠőAƦ=0'1=
-:+
&ċ;>!TQdCcfƋì.
Ŀƚ+ǇÉ&7ƘŝĒ8Ƙ§Ē0

;+üęţ-Ë+&ºĸ0*:$&
ĮŨ*ǣüęţĲĤ(&
²
Ġ·-Ũǋ0û*TQdCcfƋì²ĠőAǑů=ďƨ0=!0$
&
ÆĐĒ½ÉşAŨ!TQdCcfƋì²ĠƵƦ-!6-ĥƫ*2ŅǗō
+:=ƣǝ°ť+%&ŷƂ!Figure 1.5 (b).
1ŅǗŲ(&Ƣ$!kV
v°ťĊ-TQdCU~'=2 wtǥ-VTMSAǇÉ!TQdCU
~.
Figure 1.5 (a)-TQdCcfƋì(MEK-4'kVv°ť!7
-(-ŇƼ'
=ſą-²ĠĒ0=(0Żƴ>!TQdCƣǝ+í×
=Zr-OH:0axaLSSÛAě%VTMS0Zr-O-SiƒÉAćĖ=
(+:$&²ĠšĔAćĖ!
²ĠĒ8ǀĩĒ(«+²ĠïòĒ7¿
²'$!'
VTMS'°ť!TQdCU~+2ŅǗŲ-°ťAĻ
Ʋ!kVv°ťĊ-TQdCU~+2 wtǥ-MOIAœ¹
ƺǞŎ
°ťAƢ$!Figure 1.5 (c)+ż:+
ƺǞŎ°ťĊ-²Ġő'.¥>!ǀĩ
ĒAċ!VTMS:0MOI-2ŅǗ°ťĊ-TQdCcfƋì.
Figure 1.6 
(a)+ż:+
»ű§Ġō'ƐƁ50ǥƁƋìĈ08.5 nm'<
5,1
łƋìĈ+¾ģ=REV+ƯŸ&=(0Żƴ'1!Ħ
ŇƼ(&
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??????????????????????????????????????????????????????
??????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????
????????????????? ?????????????????????????????????????
????? ????????????????????????????????? ????????????
??????????????????????????????????????????
Ʀ!VTMS-4A20 gœ¹
Êĳ-°ť'ċ;>!TQdCcfƋì²Ġ
ő.
Figure 1.6 (b)+ż:+ƐƁ50ǥƁƋìĈ0332.7 nm'<
¯Ǚ'
=(0@$!3!
-TQdCƋì.2ǂǒ'ð©+ŌǕ!(
;
VTMS"'.²Ġ³į;Ƌìƣǝ-Įŀ½0ǃB"(&7
3<ºţ
ű*²ĠšĔ0ċ;>*$!(Ɨ;>=-ťũ(&
VTMS-CQL
SS~02&-TQdCƋìƣǝ-ŉǈÛ(ÆĐ
Si-O-ZrƒÉAćĖ
&=(.Ɨ0!
VTMSǒ)'-ƕÉÆĐ7ǃB'=(0ĝò>
=-ǘ
ŭ*=Ƌì+=VTMS0SLRƒÉAćĖ!ÝÉ
¯Ǚ
Aŧ=(0ĝŖ>=-Ťƶ0
S~J]oN·+4;>=¬É
'<
TQdCcfƋì(ð©*ÆĐ-CQLSSÛÊâ0ƒÉ=
(Ɨ;>=Figure 1.7 >;-ƒĸ;
MOI.ºţű*ƣǝ°ť·'=
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(0@=3!
ƺǞŎ°ťĊ-TQdCcfƋì²Ġő-TEM¤A
Figure 1.8+żƋìÊâ-àū0ĩŻ+Ʈö'1=(;
1łƋì+²Ġ
>&=(0Żƴ'1!ł+
TQdCƋìƣǝ1-EXSCea-ÆĐ
+%&ĻƲ!
!
1.3.2  TQdCƋì-ƣǝ-ÆĐ
	 TQdCƣǝ+.ŉǈÛ8Íŵŉ0í×
>A´Ũ&ƣǝ+ĮŀÛAú
¨=(0'1=-ƣű*°ť·.S~J]oN·'<
ıƅ'
.VTMSAŨ!0
¶ƿ-:+
Ǆ¸-VTMS.¯ǙAŧĖ=(`
x]a0ŧ!Ħ
MOI-EXSCeaÛ.Ƌìƣǝ-1%-ŉǈÛ(
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??????????? ?????? ??????????????????????????????????
????????????????????????????????
ÆĐFZƒÉAćĖ=-'
Ƨġ-Ƌìǒ'-ÆĐ.ƹ<ċ*:$
&
ºţű*²ĠšĔ0ćĖ>!7-(Ɨ;>=Figure 1.9.MOIœ¹ųĊ
(a)(ƺǞŎŜù+:=²ĠĊ(b)-[E{ybATRAŨ&Ŗò!FT-IRUrM
a'=²ĠĊ+.2270 cm-1ƾ-EXSCea-lM0ŕû
1650 
cm-1ƾ+ĥ!*lM0±Ť
FZƒÉ-ćĖ0ǃƢ&=(0@
=-:+TQdCƋìƣǝ0Įŀ½>1łƋì1-²Ġ0Çƙ(*$!
(Ɨ;>=
MOI-4A4 wt%œ¹&Ʀ!TQdCcfƋì²
Ġő-ÝÉ
1łƋìĈ1-²Ġ.'1*$!-ťũ(&
FZƒÉ
ǒ'-ŉƎƒÉ+:=ŴŨ'Ƌì-¯Ǚ0ŧ=(;
MOIÁŢ-ƣǝ°
ť'7ºţű*²ĠAƦ=(0'1*(ĝŖ>=
	 ł+
EXSCea-TQdCƋì1-ÆĐĒAŻƴ!2ŅǗō+:$
&ċ;>=TQdCcfƋì²Ġő.
EXSCea0TQdC(FZ
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??????????????????????????????????????????????????????????????
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????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????
?????????????????? ??????????????????????????? ???????????????
???????????
ƒÉAćĖ=(+:$&ċ;>=(Ɨ;>=Figure 1.10+TQdC(
MOI-MEK'-Ĝ»+%&-FT-IRUrMaAżŒÉĊ
1²;5²
+&2270 cm-1ƾ-EXSCea-lM0ŕû
10²'ð©+Őç
!3!
FZƒÉ-ŧĖAżÐ=lM-áæ0Żƴ>!Ħ
MOI
(VTMS-¹ŉ²Ưş-ÆĐ7Êľ+MEK'Żƴ!Figure 1.11+ż:
+
1²;10²+&EXSCeaũĴ-lM-ŕû.Żƴ>*$
!Êľ+MOI(VTMS7Żƴ!0
EXSCea+ũĴ=lM-ŕû.
ƪ;>
MOI(VTMS.ÆĐ*(0Żƴ>!>;-(;
MOI
.TQdCƋì-ƣǝ+÷&ÆĐ&=(0@$!3!
ŇƣǝƁ
300 m2/g-SJƋì(MOI-ÆĐĒ+%&7Żƴ!Figure 1.12 SJƣ
ǝ(MOI-EXSCea.ưë-í×'ÆĐ=(.Ŷ;>&=011,12 

śưë-ĳ'.ÆĐ.ƹ;
EXSCea+ũĴ=2270 cm-1-lM-
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???????????? ???????????????????? ????????????????????????????????????
??????? ???? ?? ????? ????????? ??????? ???? ?? ????? ????????
??????????????????
ŕû.ƪ;>*$!Ħ
TQdC(MOI.śưë'Ɲè*ÆĐĒAż
(;
Figure 1.5 (b)-TQdC²Ġ+&.
ƺǞŎ'°ť=('ô
Ī+cf²Ġ!(Ɨ;>=
!
1.3.3  ²Ġ!TQdCƋì-Ǌǋŕû
	 ²ĠƋì-Õć²AǅĎ²ǚ+:<`J_S}
> >-ÿſ'ċ;
>=Ƌì-ŝǊǋŕûAŻƴ!Figure 1.13 2 wtǥ-VTMSAŨ&kVv
'ƣǝ°ť!TQdCƋì.
ƎĲ'=TQdC-¯Ǚ(ŇƼ&
100 '-Ǌǋŕû0Żƴ>*$!>.
TQdCƣǝ+í×=
Íŵŉ0VTMS-aCQLSSÛ(ÆĐ
ǖÄ>!7-(Ɨ;>
=;+
MOIAœ¹
ƺǞŎAŜù!²ĠƋì-Ǌǋŕû.
MOI-œ¹
¶+Ň2&æ1*$!>;+:<VTMS'=ſąĮŀ½>!TQdC
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????????????????????????????????????????????????????
???????????????????
Ƌì-ƣǝ+÷&MOI0ÆĐ
²Ġ0ǃƢ=(0Żƴ'1!3!

Figure 1.14.MOI-œ¹ǋA2 wtǥ;4 wt%
8 wtǥ(áǋ!²ĠƋì-Ǌǋ
ŕû'=MOI-œ¹ǋ-áæ+Ǌǋŕû.æ1*$&<
;7
TQdCƋì+÷=EXSCea-ÆĐĒ0Żƴ'1!
!
1.3.4  TQdCcfƋìAÌĮ=gEn]b-ǀĩĒ  
? 2ŅǗ-ėō'²Ġ!TQdCcfƋì.
VTMS(MOI+ũĴ=kd
Û8xZMÛAě$&<
§~TJǊÉ+ĐŨ=(0'1=TQ
dCcfƋì(åñƙCMaAMEK'Ø+ŒÉ
§~TJǊÉǑ
ê·(&Irgacure184Aœ¹!ǇÉ>!Q_DNő.
PETmDw
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????????????????????????????????????????????????????????
????????????????????????????????????????????????????
???????????????????
+hQZ'Þā
80 '3²ǒŞ&MEKAǖÄ!Ċ+UVŜù+
:$&ĮŀśŀgEn]bƠƛAċ!DPHA(TQdCƋì-gEn]b
Ơƛ.ǀĩ*äƮAż!Figure 1.15 3!
gEn]bƠƛ-ǀǄţ'.T
QdCİÌĮ-DPHAÁŢ-Ơƛ+÷&TQdCÌĮţA&7ǣǀĩ
ĒAƓě!Figure 1.16 60 wtǥ3'TQdCÌĮţA!ÝÉ7ǀĩĒ
.Ɠě&<
DPHAƠƛ(Êƈq-ǀǄţ'$!ł+
gEn]b
Ơƛ-pEVAFigure 1.17+żpEV.ƋìÌĮţ080 wtǥ3'?'
<gEn]bƠƛ.Ľ6&ǀĩ'=>+÷ǍƇźą.
ƋìÌĮţ0
0=+!0$&Ë
TQdC00 wt%;50 wt%3'02H'=-+÷
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?????????????????????????????????????????????????????? ?
?????????????????????????????????????????????????????????????????????
?? ???? ??????? ??????? ??????? ???
&
70 wt?;80 wt?-ƋìÌĮţ'3H+*$!
90 wt%!<;
đŘ*???-Ĩ(ǍƇźą-04;>!>.TQdCƋì0Ǆ¸+
*<
Ƌì(Įŀua]MUǒ'õŵĒ0!!6(Ɨ;>=
!
1.3.5  gEn]bƠƛ-üęţ
	TQdC.ǣüęţĲĤ'<
ǀĩĒ(ǍƇźąAƓě=80 wtǥ-Ƌ
ìřąÚ+&DPHA-ě%ıĴ-üęţ1.52 Aǣ¡'ƵĢ=(0'1
=Figure 1.18.
tugEn]b-üęţ0TQdCcfƋì-ƑĖ-
á¹+$&Ĩ!(Aż&=DPHA'.
60 wtǥ-ƊÓ+&
gEn]bƠƛ-üęţ0
óŨ
Ǌƨ*ǟÚ'=1.60:<7ǣ¡Aż
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!Ƌìřą0á+%>&üęţ0đŘ+Ĩ&=0
TQdC-ŇǊ0
ƍ5.5'=(AƗĕ=(
ƁŇ'.1łǓġű*ã½'1.70ƾ3'Ĩ
=(;
Ƌìœ¹ǋ+Đ!¹ĖĒ0Ė<Ƅ%;+
2ŅǗō'Ʀ!
TQdCcfƋì(ĮŀtuAƧÉ!üęţAMaxwell-Garnett-y`
AŨ&Ɖ±!ƒĸ+&7
Ƌìřą080 wt%'1.70ƾ-üęţAż
(;Ƌìřą0ǣǟÚ'-üęţ¡.éĆ'=(Ɨ;>=;+ǣüę
ţ*gEn]bAƦ=!6+.
ǣüęţ*śŀcfƋìAŨ=((7+

tuua]MU+ƟǢŦ3!.ŹǤ¦Ǝ*)-ǣüęţĖ²Aú¨=(
'Ʀ'1=(Ɨ;>=
!
1.3.6	ÆùǔŃƛ-§îŠĒ
	 ÆùǔŃƛ.
üęţ-ŭ*=ƠƛAÛĲ+Ɓþ=(+:$&ƣǝ'-Æù
ţAŕ
`DUoE*)-ƬƴĒAË=£10<
Ť×-`hEU
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???????????????????????????????????????????????????????????????????????
?????????????????????
+.ÇŁ(*$&=¬ű+.
þ+ǣüęţ
þ+üęţ-ƠƛA
ćĖ=Æùţ-ŕ.
ÈþA÷ƶ(*=Ŏǐ-1/4-ƛÂ+Ɓþ
> 
>-ūǝ-Æù§-ŴA1/2;(+:$&
Æù§AĄŔ+:<Ę#Ő
É('óŤ&=U~EbK~UÛĶ+
ıƅ'Ǒů!TQdCc
fƋì²ĠőAŨ!ǣüęţtugEn]bƠƛ(m]Ǝƌ-üęţ
ĲĤ(AƑÉ&ÆùǔŃƛAƦ!Figure 1.19+Áþm]ƎƌĲĤ 
2þ
ǣüęţtugEn]bƠƛ(m]ƎƌĲĤ -ÆùǔŃƛ-ÆùţAż
U~EbK~U-Æùţ.550 nm':5.0ǥ'=-+÷
üęţþAÛ
Ĳ+Þā!ÁþÆùǔŃƛ'.2.7ǥ
ÛĲ+ǣüęţþ
üęţþAƁþ
!2þÆùǔŃƛ'.0.7ǥ'$!Áþ+Ň2
ǣüęţþAƁþ=(+
:$&ÆùǔŃ-Ēƙ0Ë
`DUoEĲĤ(&-ĐŨ0įĉ'1=(
0@$!
!
1.3.7  gEn]b~_]MUƋì²Ġő-şĒ
	ǌýǈ½şcfƋìAƑ4ƽB"tuƋì.
cfƋìAœ¹!yfu
AvdHuS}ǊÉ=(+:<ÉĖ!CMayfu+²Ġ
=!6xZMÛ' ǡ!TQdCcfƋìAŨ!0
ǆ-ƣǝŉǈ
!41
Û0ńí&=(0ē>=!6
ǈÛ:0sUsǈÛAĮ=y
fuAŨ&
ĭ*= ǡAĻƲ!20 wt%-?????ÌĮǋ'-ĻƲ'
.
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 SQZ;Y\œÒ9·ď6ƣÞúĵďĝİĝ]=dvTX(7-"Ŕ§ł
&ŇŌ7!61-9)	-aMc?ZwcwAx{źÝ9ĺďĝİĝ]=
dvTX(ĕà4&3!Ã¹7!610,11 	aMc?ZwcwAx{9·/
74'ēć(šşċ«´ĳ#ĢƂ!ŤºĨĝŠ9ď6	aMc?Zwcw
Ax{źÝ'2 'c?ZwÂ(ŨơċcwAx{'9Įŕ"ř´1.6
9Ɓ6Þúĵ91 tZ}F%ďĝ«´ĳ"5ő2ŏ"(SQZ;#aM
c?ZwcwAx{'ƣÞúĵďĝİĝ]=dvTX9ŮƣÞúĵ9î6
0'Ƥ§ł%Ř´"6#9Ŋ	ƣÞúĵēć'ŵį"(Ɛßƍ«ĳ
&LwIZ;9ĺďĝkvl}]=dvTX1ƎŰ%Ôēć"612-14)	
LwIZ;Y\œÒ(kvl}lWvTFM'Þúĵ9¶60'²Š%
ēć"674'Y\œÒ(ďĝkvl}&ƙ6¶6	
!¡Ą¥&36ŬƝķ(LwIZ;Y\œÒ9ďĝkvl}&¿~&
¡Ą60&²Ğ"6	3!¡Ą¥'ĎƋ«(ƣĝŠ%]=dvTX
ēć'Ɠŀ& %6	)ƣÞúĵ¡Ą¥(ƣÞúĵēć'¦Ů&©Ėł
%Y\œÒ9Ĺö6#&ď£"6	Ēŏ"(LwIZ;Y\œÒ¡Ąħ'
Ů9aMc?ZwcwAx{ĻĔ'Ku{BTev{G¥9ĺ!a}Nmw9
ĺWTeR>{ĥ&3!ŻŮ	-LwIZ;Y\œÒ9·ď6ď
ĝİĝ]=dvTX'ƣÞúĵũŢ9BPEFA#uLBwƎ´&35Ů	
!
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3.2.1  đŐKvw«aMc?ZwcwAx{źÝ'Ů
 2Ē'ƑKu{BTev{G¥"6aMc?ZwcwAx{'BSF1
(aM3oSwc?Zw cwAx{;vw@}UwBCF-allyl)3*3ow
BeWeybwWvoWDKKu{MPTMS)'@{SA}w°ó&3!Ů
	'°ó(uLBwƓÐ¥#!=wCDs;1841`XyDKKFyf
DKwc?ZwHW{ 9ĺBCF-allyl#MPTMS9UWu`Xycu{
THFYBu=UMFŮ "???(?????)ıÜ1610 mJ/cm2 !°ó
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+ HS Si
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OMe hv
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Si
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MeO
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Scheme 3.1)	-BSF2??2???????????????î47°
óĳ(Ī½"ĤįĐ°óĳ9ĭÑƖ¯6#"đŐ&;wIDKK
vwÂ9ď6aMc?ZwcwAx{9´ö@{SA}w°ó&3!î
´öĳ9BSF1Michael¨°ó&3!î´öĳ9BSF2#	74'
«ÔěƆ'FT-IRMhFWw(c}v@ÊÿžË¡éŷ(NICOLET-4700
J}pZIx}Ů)?????1H-NMRMhFWw(AL-300ČĒƛÒŮ)?ī×
aMKvw«cwAx{źÝ'Ĺö9ŉŹ	
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3.2.2  LwIZ;Y\œÒ¡Ąħ'Ů
 10? wt%'LwIZ;Y\œÒ¡Ąħ(äż'LwIZ;(1ğœÒëƥ1020 
nm)9BSF3? wt%'oSw@SwHW{MEK)ĭħ"130¡Ɣa}Nmw(>w
Wu;hTFMmwUAM-015?????)?ķ6#&35Ů(Figure?
3.1)	'3&!î47LwIZ;Y\œÒ¡Ąħ(ZrO2 NP/BSF#ľ
	ªłĄĥ?DLS)&36œé¡åī×(Microtrac UPA-150?ČĝŭŮ)"Ū
œÒ'ŵÚ&(ƄƉÀƛÒƟñƒTEMJSM-2100MJEOL 9ĺ	
!
3.2.3  ƣÞúĵ]=dvTX'Ů
LwIZ;Y\œÒ'kvl}]=dvTX(BPEFA#'ĩ´ĳ'uLBw
Ǝ´&3!ŻŮ	BPEFA#ZrO2 NP/BSF9çèŘöĢ"ĩ´uL
BwƎ´ƓÐ¥ Irgacure184'Ó¾"z=r}^}I}Q}9ĺ!Mu=XC
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uM&Åå	3¡Ɣ80?℃"Ĳì74'ũŢ(???ıÜ&3
5ň«Figure 3.2)	]=dvTXũŢ"'œÒ(ƛĽă ÀſėƛÒ
ƟñƒJSM-6700F ?FE-SEMJEOLŮ)9ĺ!ŵÚ	ŜƄƉĵ3*f
=N(ŖË²ų¡éŷ(V-560ČĒ¡Ů)&3!ī×	Þúĵ(°
Ü¡Ţ®ŷ(FE-3000ÌÆƛÒŮ 9ĺ!ī×	
!
???????????
3.3.1  ĉŲKu{BTev{G¥'´ö
 ¡Ą¥(LwIZ;Y\œÒ'ƙ9ƕĠ6ŬƝķ&òŰ²Ğ%ēć"
6	'ěƆ(Ɛßƍ«ĳŬƝ+'¸ņ2°óô#ďĝkvl}+'Ŵ¼ô'
2 'ĝŠ"ěö7!6'"ƣÞúĵďĝö¡"6aMc?ZwcwAx
{ĻĔ'ĉŲ;wIDKKu{&ņŃ	aMc?ZwcwAx{(BwXě
Ɔ#»)76ĴĿ%ŎěƆ9ď!5? 'đŐƑ&;wIDKKvw
Â9Ý6#"tZ}F%Ku{BTev{G¥9Ů6#"6	
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Scheme? 3.1&Ŋ3&BSF1(BCF-allyl#MPTMS9@{SA}w°ó
BSF2(BPEFA#MPTMS'Michael¨°ó&35´öTHFĭÑ9Ɩ¯
ìKu{BTev{G¥"6BSF13*BSF29î	74'«ÔěƆ9
FT-IR3*1H-NMRMhFWw&35ŉŹ	
 BSF1'FT-IRMhFWw"(BCF-allyl'MhFWw"ű47!1630? cm-1
ƃ&.476C=CÂ'¸±&ĻĔ6b}FBSF1'MhFWw"(ĦÍ
MPTMS'MhFWw"ű47!1100 cm-1ƃ&.476Si-OMeÂ'¸±&
ĻĔ6b}FBSF1'MhFWw"1.476#4@{SA}w°ó'ŉ
Ź"(Figure? 3.3)	-ƎFyyiwn&ĭBSF1'1H-NMRMhF
Ww9ī×ğ'3&aMKvw«cwAx{źÝ'Ĺö9ŉŹ	
BSF1'1H-NMRMhFWw"(δ(ppm)?6.6?7.8 (Ar-H, m, 16H), 4.0 (Ar-O-
CH2, t, 4H)3.5 (Si-OCH3, s, 18 H)2.6?2.8 (S-CH2-CH2-CH2-O, t, 4H)2.5?
2.6 (S-CH2-CH2-CH2-Si, t, 4H)2.1 (Ar-CH3, s, 6H)2.0?2.1 (S-CH2-CH2-CH2-
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O, t, 4H)1.6Ʀ1.8 (CH2-CH2-CH2-Si, m, 4H)0.6Ʀ0.8 (CH2-CH2-Si, t, 4H)#
%Figure 3.4)	-BSF2??2??????????????	'3
&!´öđŐKvw«aMc?ZwcwAx{(íĔ'Ku{BTev{G
¥351Þúĵƣ0BSF1'Þúĵ(Table? 3.1'3&äż'Ku{BTe
v{G¥351Ɯæ&ƣ9Ŋ1.57"	
!
3.3.2  LwIZ;Y\œÒ¡Ąħ'¡Ąô
 Y\œÒ'Ĺö&(Ì¢6#jWn;Teĥ#WTeR>{ĥ6	«Ô´
ö4Y\œÒ9Ĺö6jWn;Teĥ&Ģ,WTeR>{ĥ(Y\œÒ'Ì
ƏĹö²Š"6	3!WTeR>{ĥ(áĚł&ďĺ%eyOM"5
"(a}Nmw&35LwIZ;Y\œÒ'¡Ą9ęŸ	a}Nmw(
­LqHTW#y}Q9ď6gTOw#!ěö7!5ƇŚł&Ăû
Q{F&ùĩ´ĳ9ƅħ6#&35Y\œÒ9î6#"615-22)	
gTOw'oV<;a}N(ƙY\œÒ&:Ĉ§Āā§3*ū
ō§%$'ů´@[wE}96	¡ĄœÒ(gTOw'O_x}Q
&3!¡ƚ7ĂûQ{F&ý 76	Figure 3.1&Ŋ3&LwIZ;
Y\œÒ(1ğœÒëƥ10-20? nm)#BSF9MEK"ĩ´'ìĂûQ{F
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?????????????????????? ????????????????
??????????????????? ???????????? ????
??????????????????? ???????????? ????
????????? ???????????? ????
????????? ???????????? ????
???? ????
4gTOw+'Muv}'ðĸ9k{e"Ū	Muv}(¡Ąķƈ/& 
7!Ƅč%Łŧ4Ƅčô'6Łŧ&Ê«!6#ŉŹ7	'3
&!î47ZrO2 NP/BSF('ĉŲ%Ku{BTev{G¥9ŬƝƠ
6#&3!Õ×«	Figure 3.7(¡Ąì'Muv}'Ëŵ9Ŋ!
6	Y\œÒ¡Ąħ'Ƅčô(œÒë&Ó!5x=v}Ą'ƞÁ-"
¡Ą6#"Ƅčô9ŀĶ6	Ëŵ"(ZrO2 NP/BSF2&Ģ,ZrO2 NP/BSF1
'Ƅčôƣ0¡ĄôŦÎ%#õ76	-œé¡å&!1
BSF2'ŗŋ50%œÒë(35.6?nm"6'&ÛFigure?3.9)BSF1'ŗŋ50%œ
Òë(14.6? nm"5BSF1'ĊŦÎ%¡Ąôî476#8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Figure 3.8)	Ēŏ"´öBSF?(đŐ&Wv;wIDKKvwÂ#aM
c?ZwcwAx{9ď!5BSF2"(74'Ɣ&@Sx{GvI}wƢ
Ę3*@MUwÂÓ¾6	¡Ąô&ƊĶ7'(@Sx{GvI}w
3*@MUwWv;wIDKKvwÂ'¨ģ¡Ŷĳ"6SiOHÂ#ģŕř´
9êöKu\}wÂ'œÒ+'ƌ¶9Ï160#Ş476	3!¸ņ|
°óJ=W#ŎƘÙJ=W35čŉ%BSF1"ŦÎ%¡Ąôî6#"
#Ş476	Figure 3.10(ZrO2 NP/BSF1'TEMļ"741LwI
Z;Y\œÒ¬œÒ«7!6#85aMc?ZwcwAx{"ŬƝ
ķ6#"¡Ąô&76Muv}9Ů"6#ŉŹ7	
!
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3.3.3  ň«]=dvTX'ÔłôŽ
 >?TWI}U<{G3*ň«&36Ţêö(ƣÞúĵ'ÔũŢ9Ů
60'ďĺ%÷ġ"6	ZrO2 NP/BSF19·/BPEFA'uLBwƎ´&3
6]=dvTXũŢ'Ů9ęŸ	BPEFA(4 'Ũơĸ'ŒĊô%ƌŝ&
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3!ƣÞúĵ#ůÞú'ƎŰ%ÔĴô9ü tZ}F%;Fvx}Wp\l}
"6	ZrO2 NP/BSF1(LwIZ;Y\œÒ'ŬƝ&aMc?ZwcwAx{
9ď!5BPEFA#']=dvTX«&!²Ğ%¡ĄÕ×ô3*Ņ
ĭôŦÎ"6#Ş476	ØƗ&BPEFA#ZrO2 NP/BSF1'ĩ´ĳ(Ĝ

%ŘöĢ"ŻŮ6#"Figure 3.2'3&ƣÞúĵ]=dvTXũŢ9
uLBwƎ´&35î6#"	Figure 3.11(BPEFA&Û!ZrO2 NP/
BSF19ƌ´Ä´(aâ)#Ǝ´ôÖŠÂ"ƠZrO2 NP (NANON5 ZR-
010P}u}Ů)940? wt%ƌ´Ä´'ĭÑƖ¯ì'ĩ´ĳa³)#ň«ì'
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ţŎŢ'Ëŵb), (c)"6	ZrO2 NP/BSF19ƌ´BPEFA(č4&Ņĭô&
7100 µm®'ň«ĳ"(Ƅč"	-80 wt?'ZrO2 NP/BSF19·
/']=dvTXũŢ(1.5 µm'®"ŮFuTF'%ũŢ9Ĺö
	Figure 3.12(ƄƉĵMhFWw"5ƄƉĵ90?"	-?
??10.3ĐĬ'"57Ƅčô9Ŋ	ğ&80 wt?'LwIZ
;œÒ9·ď6ň«]=dvTXũŢ'SEM9Figure 3.13&Ŋ	ũŢ
&LwIZ;ƣÇ7!6&184'ũŢ(Ɯæ&Ƅč"
'"Y\œÒµÉƙ&Ó¾!61'#Ş476	ƣÞúĵY\
œÒ9·ď6kvl}]=dvTXēć(~ť&kvl}lWvTFM#'
Þúĵ'ã&3!Ąƀ52	'Ä´&(BPEFA#'Ņ
ĭô&35Ƅčôśü7!6#Ş476	Þúĵ(Y\œÒ3*ďĝ
kvl}'ŋ¡ĵ&3!ńŜł&È¨6#þ×76	Figure 3.14&Ŋ3
&74']=dvTXũŢ(BPEFA¬'1.62480 wt?'LwIZ;Y
\œÒ9·/]=dvTXũŢ"1.73'Þúĵ9Ŋ	1.709Ɓ6ą(ƣ
Þúĵēć#!ďĺ%ą"6	74'řĖ4LwIZ;Y\œÒ'·
ďƏ&ó!1.6241.73'Ɣ"Þúĵ¤ï"6#¡	
!
?????????
 @{SA}w°óMichael¨°ó"´öaMc?ZwcwAx{9·/
ƣÞúĵ%Ku{BTev{G¥"ƠLwIZ;Y\œÒ(a}Nmw"
ķ6#&3!MEK&Y\J=N"¡Ą6#"	BSF19ĺ
¡Ąħ'ŗŋ50?œÒë(14.6 nm"Ƅčô'6Ëŵ"	ŦÎ%¡Ą
ô(LwIZ;Y\œÒŬƝ&aMc?ZwcwAx{Ó¾ƣěƆ
&ĻĔ6ŎƘÙ&3!œÒµÉƙ6#9ø¤0#Ş476	
LwIZ;Y\œÒ#BPEFA']=dvTXũŢ(uLBwƎ´&3!
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ŮƄƉĵ90?9Ɓ6Ƅčô'ƣũŢ9î6#"	-LwI
Z;Y\œÒ'·ďƏ9¤ï6#&35Þúĵ91.62??1.73'ƣ"Ż
Ć6#"	
!
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 ĕīłīa?gtX\)ƞðýƠ&œç!7ƸØZb?Q(ǂīŸ¯3ŗ
Ƹ«¯&àĕīĚĎ°ŉ")ÞŋºŸ%þŸ:ø71#("7ĚĎ#
!ķŕ8!6łīĚĎ:]`vju"ĕīĚĎ&ƧŶ71#"ƟĒþ
:Ċ%1#%łīĚĎÄĕ(Ňþ:ĸ1#"7TuKuĶ&47ĕ
īłīa?gtX\")ƫè=uLFO\:¤œ´Ď#!łīĂ¥:n[tX
HQ&¾ĕ71#"īŸþƀź:Ɔ71#"PuL^=%$(
æąŊ(ǂƫèƨ¯ņ:a?gtX\¯71#"ø587ǂæąŊa?gtX
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71-7)|Đ[XhV@yĶ&4!ø]`ūØ:ŏ
7Ê»&)°&ĕīĚĎ&ƫèƨ¯ņ:Ļ»70")Ŗ¥ƶƙ17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78,9)OsyDXhtyI©)łīĚĎƂƻ(ĳƨÈ#(ĕŲ»þ:ĕ7
=uLFOÈ#ĩ	%ĕīĚĎ,(ŖĿ¯ºŸ%ĕīÈ:ĕ!6Ƈ»ĚĎ
:Ɔ7&
6ĕŏ%ĚĎ"
7ƭ&2 (=uLFOOtuÈ:2 d
QfA^ufuCvyǁĢ(ŇĮ%OsyDXhtyI©:ūØƂƻ&ƿ71
#"ƟĒþ(ǂa?gtX\ĚĎÉÀ8!6ŧ3ť")PuL^=]
`ūØ(¥ċÛÝ¯&à71#:ş10-12)1(2 (=uLFOOtuÈ
:2 Ĩơ:Zr=uM?[ÆOsyDXhtyI©#ŠdQfA^ufuC
vyÑ&ºŸþ(
7¯ÚĨơŢ:ĈŮŲĠfUuƨBQYuƅ¯»
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OsyDXhtyI©(»Ă&ŏ7fUuƨP=
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5871ĩ	%mtn{&ŖĿ71#Ėõ"7ę
ť")P=tufUv{[:ŏďƋ%Zr=uM?[ÆOsyDXhtyI
©:»ĂPuL^=]`ūØ¥ċ(Ɔ:ĤƑ.1 (=uLF
OOtuÈ:2 OsyDXhtyI©:OyIuM?[ÆOsyDXhtyI©
#ŠÛÿǀƨ=tu46»Ă1¥Ø&2 (=uLFOOtuÈ:2 Ê
»Zr=uM?[ #1 (Ê»OyIuM?[ & !PuL^=]`ūØ
(¥ċþ(ıƜ:Ɓ5&fUuƨBQYu"¥ċPuL^=]`ū
Ø:ĩ	%mtn{#a?gtX\¯71#"85ƀź(ÚŇþƒ:Ɓ
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4.2.1  ByWC{u·ü&47Zr=uM?[ÆOsyDXhtyI©(»Ă
 Zr=uM?[ÆOsyDXhtyI©o-DAP-Si))fUuƨBQYu(Ĩơ
:Ć o-P=tufUv{[(o-DAPV?S{Ɔ)#puDh[hweu[tp[
FOOsy(MPTMS?Alfa AesarƆ)(ByWC{u·ü&4!Ɔ
(Scheme 4.1).m-DAP-Si)m-P=tufUv{[(m-DAPV?S{Ɔ)#
MPTMS(ByWC{u·ü&4!Ɔ(Scheme 4.2)ıƜÁ#%7=uL
FOOtuÈ1 (Ĩơ:Ć OyIuM?[ÆOsyDXhtyI©AB-Si)
)Ûÿǀƨ=tu(ABĝ¯ĂéĦƆ)#MPTMS(ByWC{u·ü&4
!Ɔ(Scheme 4.3)o-DAP-Si4+m-DAP-Si&â!)???(
MPTMS:Ƨ»???????&â!)Ũ??(MPTMS:Ƨ»Ʃ
»ưÖ©#!)2-?????-2-???-1-????????-1-??(Irgacure 
1173BASFƆ):ŏĴĳ"(¡²~"Ļ»ņ&ǂÅĳƬsyh:Ńã(1610 
mJ/cm2)71#"·üņ:ø»Ăo-DAP-Si?m-DAP-Si?AB-Si(Ĩơ
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FT-IRQkH[u:ľÝġŞĲǃƄŶAL-300đęƸØƆ):ŏ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4.2.2  PuL^=¥ċĺ(Ɔ
5 wt%(PuL^=]`ūØ¥ċĺ)ëƗ(PuL^=(1ĭūØôǆ10-20 nm)
:o-DAP-Sim-DAP-SiAB-SiŢ	(ŀò(pWuBWuJ[y(MEK)Ŀĺ
"5&ÍÈþƏ×:ļ¬Ŀĺ:d{RouslQU{o^DMS65=O
Nxzf<?yYXHƆ £Ō71#&46Ƃƻ£Ō(Œ%7PuL^=]`ū
Ø¥ċĺ(ZrO2 NP/o-DAP-SiZrO2 NP/m-DAP-SiZrO2 NP/AB-Si :Ɔ
®ŔċĶ(DLS)&47ūò¥ìľÝ)ŀ³ŬūØô=]s?N{FPAR-
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1000ÓÌƸØƆ "ƁūØ(ƍá&)ƟƣÆƸØƾúƮ(TEM?JEOLƆ
JSM-2100):ŏ!ƍá
!
4.2.3  ǂæąŊa?gtX\(Ɔ
 ǂæąŊa?gtX\)ĕīĂ¥#!ńºËþĪŹ(mtpWupUHt
v{[(PMMA)#mtQWvy(PS)Ŝ¯þĪŹ(PkyUBtQt[{uiF
M=Htv{[(DPHA)kyUBtQt[{u[t=Htv{[(PETA)[tp
Ww{uhwcy[t=Htv{[(TMPTA):ŏńºËþĪŹ:ŏa
?gtX\)PMMA2)PS:10 wt%&%74PGMEA&¬Ü&Ŀ
Ǝ10 wt% PMMA/PGMEAĿĺ:Ɔ10 wt% PMMA/PGMEAĿĺ&
ZrO2 NP/o-DAP-Si:Ţ	(PuL^=¾ĕŊ&%74Ļ»EsQÈĞ}
&QeyL{[ö180 ℃ 1ēƱ(Ŀ×Ƴµ&4!a?gtX\ƀź:Ɔ
.Ŝ¯þĪŹ:ŏa?gtX\)ZrO2 NP/o-DAP-Si#
DPHAPETATMPTA:Ƨ»Ţ	(PuL^=¾ĕŊ&%74Ļ»
EsQÈĞ}&QeyL{[80 ℃ 3¥(Ņö&ůÑŴŃã71#"a?g
tX\ƀź:Ɔa?gtX\ƀź(æąŊź³(ľÝ")·ã¥ź³
Ɛ(FE-3000ÓÌƸØƆ :ŏŴƟƣŊ¶+i?R(ľÝ&)ůÑº
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ƌ¥òƐ(V-560đę¥Ɔ):ŏ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4.3.1  Zr=uM?[ÆOsyDXhtyI©(»Ă
 ƺí&Ó%Ƃƻţ:ĕ7ƫèƨ¯ņ]`ūØ(¥ċ&)÷Ĝ(ƽĎ¥ċ#
)Œ%=hw{Wûƈ"
7]`ūØ)ūØôä%71#&46
ıƂƻţħ1!Ó%6´ØČ&±17Ƃƻ´ØČ(ª»Ó%7
1Ó%ƂƻŻŐB_uG{:2 (1]`ūØ)¢Ƶ3]
`ūØ#!¥ċÛÝ¯71&)Ƃƻ£Ō(Ĕƥ¯ºĬ"
75
&ıƂƻţÎÓ71#&4!¥ċÛÝ¯&ûƈ%Ƃƻ£Ō©:Òƪ&ŏ
71#&%6mtn{#(a?gtX\¯&!ņþ~:.'8

6ūØƂƻ:­Ŋ4ƃƉ7ĐĶĵ1587¥Ø(¼&2 (=u
LFOOtuÈ:ĕ7o-DAP-Si3m-DAP-Si(4%Zr=uM?[ÆOsy
DXhtyI©(=uLFOOtuÈ)÷Ĝ(OsyDXhtyI©#ıƜ!
ūØ,Ƨ½3­ŊŔ&PuL^=]`ūØ(Ƃƻ:ƿ7#ŷ587
Scheme 4.1Scheme 4.2&ş4&Zr=uM?[ÆOsyDXhtyI©
)o-DAP2)m-DAP#MPTMS(ByWC{u·ü&4!Ɔ.
ĕīÈ(Ĩơ:»91 (=uLFOOtuÈ:2 AB-Si)Scheme 4.3
&ş4&???????#MPTMS(ByWC{u·ü&4!Ɔ
185(¯ÚĨơ:FT-IR4+1H-NMRQkH[u&46ŝƔo-DAP(FT-
IRQkH[u)Figure 4.3 (a)&ş4&1630 cm-1ƞ(C=C(¿¸&ŐĜ
7e{HƊ58o-DAP-Si(QkH[u")ĹÔ!71#5·üƢ
;"71#:ŝƔ".MPTMS(QkH[u"Ɗ58!2550 cm-1
ƞ(SHÈ(e{HĹÔ!71#52ByWC{u·üƢ;"71
#:ŝƔ"1100 cm-1ƞ(e{H)Si-OÈ(¿¸&ŐĜ7e{H"
6
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o-DAP-Si(QkH[u"2Ɗ58.2840 cm-1ƞ(CH3È(C-Hŵć
®Ɗ5871#5ByWC{u·üě")Si-O-CH3È¬ĳ¥Ǝ!Si-
OH&%!%1#ŝƔ".Figure 4.4 (a)&şo-DAP-Si(
1H-NMRQkH[u")δ(ppm)?7.72 (Ar-H, dd, 2H), 7.54 (Ar-H, dd, 2H), 4.40 
(COOCH2-, t, 4H), 3.56 (Si-OCH3, s, 18H), 2.62 (O-CH2-CH2-CH2-S-CH2-CH2-
CH2-Si, t, 4H), 2.55 (O-CH2-CH2-CH2-S-CH2-CH2-CH2-Si, t, 4H), 2.03 (CH2-CH2-
CH2-S, t, 4H), 1.70 (CH2-CH2-CH2-Si, m, 4H), 0.76 (-CH2-Si-, t, 4H)#%5
?6 ppmƞ(=tuÈe{H(ĹÔ:ŝƔ1#52ByWC{u·ü(
ƢƁşÂ87.185(QkH[uƎğ(ŲĠŕŔŎĂņ"
7o-
DAP-Si"
71#:ŝƔm-DAP-Si#AB-Si& !2FT-IR#1H-NMRQ
kH[u&!¼ĩ(ľÝŲĠø58(Figure 4.3 (b), (c)?Figure 4.4 (b), 
(c))
!
4.3.2  PuL^=]`ūØ¥ċĺ(¥ċþ
 PuL^=]`ūØ¥ċĺ)d{Rou:ŏ!Ɔd{Rou)[X
hV@yĶ&07ƂŔ%]`ūØ(ƆĐĶ"
6¢ƵūØ:pZ>=
d{R:ŏ!Ǝś7īģŔăĶ"
7ūØ(Ƃƻƿ)d{Rou"(Ǝ
ś£Ō#¼ē&¥ċ©ūØƂƻ&¿Ř3·ü71#"ƢƁ7Zr=uM?
[ÆOsyDXhtyI©)OyIuM?[ÆOsyDXhtyI©&ı-!­
ŊŔ&ūØƂƻ:ƿ7#ŷ587PuL^=ūØ¢Ƶ20 g&â!
Zr=uM?[ÆOsyDXhtyI©(o-DAP-Si, m-DAP-Si)0.005 mol0.010 
mol?0.015 mol"£ŌÊ»#OyIuM?[ÆOsyDXhtyI© (AB-Si) 
0.010 mol0.015 mol?0.020 mol"£ŌÊ»:ıƜ.¦1&TEM&
46PuL^=ūØ(¥ċňā(ƍá:Ɓ11")OsyDXhtyI
Ʀ(·üŁČ:¼|&71&AB-Si(Ɲ/ƪ:ǅqu#Figure 4.6
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&ş£Ō¨(PuL^=ūØ(TEM")ūØƱ(őƻŝƔƷ%6
¢Ƶ!71#Ɗ!¹87Figure 4.7&şo-DAP-Si (0.010 mol):ŏ!
£Ōo-DAP-Si/ZrO2(TEM")1ĭūØ:ŝƔ71#".
Figure 4.8&şm-DAP-Si (0.010 mol)/ZrO2#Figure 4.9&şAB-Si (0.020 mol)/
ZrO2&!2Ē5&¢Ƶňā5¥ċňā&Ð¯!71#ŝƔ"
ø5888(¥ċĺ(ūò¥ì:Figure 4.10&şo-DAP-Si (0.01 mol)
m-DAP-Si (0.010 mol)AB-Si (0.020 mol):ŏPuL^=]`ūØ¥ċĺ(Ű
ţ50?ūØô)o-DAP-Si27.5 nmm-DAP-Si32.8 nm"
7(&âAB-
Si")51.4 nm"
¼ě~&07¥ċþ(êŒŝƔ8Zr=uM
?[ÆOsyDXhtyI©&46­Ŋ4¥ċ"7½ŝƔ8¥ċ
þ(Ƥ:46ƓıƜ71¥ċēƱİ(Űţ50%ūØô:OsyDXh
tyI©(ļ¬ƪ:Ð!ıƜŲĠ:Figure 4.11&şo-DAP-Si)0.005 
mol(ļ¬ƪ")¥ċƢ0& 8!ūØôÓ%Zr=uM?[Æ(
Ê»Ǆ¥Ø"2 (=uLFOOtuÈ:ĕ!71OsyDXhtyI
©(åƪļ¬")äūØ¯Ƣ0"¥ċ©ƚďƹ¤ūØƂƻ$
 ¢Ƶ#ŷ587(1OsyDXhtyI©(ļ¬ƪÎ
0.010 mol0.015 mol")¥ċƢ0& 8!äūØ¯Ƣ;Figure 4.11 
(middle)&şm-DAP-Si)o-DAP-Si#ı-!ļ¬ƪİ(½)¼ĩ"

ūØô)9&Ó%18)m-DAP-Si??o-DAP-Si?????
??????????ñ!PuL^=ūØ#½»("Zr-O-SiŲ»
ŎĂ(­ŊĀ%6žï(ūØ¢Ƶƙ2(#ŷ587|ĐFigure 
4.11 (lower)&şAB-Si)0.010 mol"žï( ¢Ƶ(½
70.015 mol"
żÕ%¥ċþ:øäūØ¯)Zr=uM?[Æ&)¶*5&)
0.02 mol")ēƱ(űƣ##2&ÓūØ¯ ¢Ƶ(½ŝƔ81(
½(Ƥ)Ñƍ&2ŋ8!6Figure 4.12 (upper)&şo-DAP-Si:0.010 mol
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¥ċĺ&!)Űţ50%ūØô(½#¼¥ċēƱ(űƣ##2&
¥ċĺ(ƟĒþ½}|Đ¥ċĺ&AB-Si:0.010 molļ¬Figure 
4.12 (middle)3AB-Si:0.020 molļ¬Figure 4.12 (lower)")ƟĒþ(½}
)ŝƔ8%OsyDXhtyI©(ĕīĂ¥Ũqu"
!2¥ċ
þ&êƊ585Ƃƻ#Ų»7=uLFOOtuÈČ&Ù7¥
OyIuM?[ÆOsyDXhtyI©(Ê»Figure 4.13&ş
4&
7šò(ļ¬ƪ&!)ūØƂƻ&=uLFOOtuÈƧ½3
ļ¬ƪÎ71#"ūØ#ė·ü(=uLFOOuÈ¼ÏOwFMyŲ
!93
Si
O HO
OH
R
Si
OO
O
R
Si
O
H
O
O R
Si
O
H
O O
H
R
Si
OO
OH
R
Si
O
O
R
Si
O
O
R
Si
O
O
R
Si
O
O
R
Si
O
O O
R
Si
O
O
R
Si
O
O
R
O
Si
O
O R
O
Si O
O
R
?????????????? ????????????????????????????????????????????
??????????????????????
R Si(OR1)3
!94
O
O
S
Si
O
S
Si O
O
O
O
O
OO
O
O
S
Si
O
S
Si
O
O
O O
O
OO
H
H
O
O
S
Si
O
S
Si
O
OO
O
OO
O
H
H
H
H
O
O
S
Si
O
S
Si O
O
O
O
O
OO
O
O
S
Si
O
S
Si
O
O
O O
O
OO
H
H
O
O
S
Si
O
S
Si
O
OO
O
OO
O
H
H
H
H
O
O
S
Si
O
S
Si
O
O O O
O OO
O
O
S
Si
O
S
Si
O
O
O
O
OO
H
HH
O
O
S
Si
O
S
Si
O
O
OO
OOO
?????????????? ??????????????????????????????????????????
??????????????????????
o-DAP-Si
»:óĂ5&)8:!ūØ¼ÏŲ»7ŋƖƙ71#5 ¢
Ƶƙ17#ŷ587|ĐZr=uM?[ÆOsyDXhtyI©)
Figure 4.14&ş4&2 (=uLFOOtuÈūØ&Ƨ½71#"ūØ
(Ñ&Žǀō:ƧŶ71#&%6#!(=uLFOOtuÈūØ#
·ü%!2Ťƴß&4!OwFMyŲ»3ĭųŕĨơ:óĂ7(:
Ą§!7#ŷ5874!Zr=uM?[ÆOsyDXhtyI©)]
`ūØ(Ƃƻ£Ō&!ĕ­%ăį"
71#ŝƔ"
Ƃƻ£Ō&ŏo-DAP-Si(Ĕƥļ¬ƪ& !Ū°&ŷá!/ęť
"ŏëƗPuL^=ūØ(ıƂƻţ)ŭ100 m2/g"
6?20 g:d{Rou
"£Ō("]`ūØƻţ)2000 m2#ŷ587o-DAP-Si(ĘŦ=uL
FOOtuÈƱƛƶŭ1 nm"18:Ưô#Śô:0.5nm#ĥóƃƉ#
Ý7#o-DAP-Si 0.010 mol(ƃƉƻţ)ŭ2400 m2#ũ¤"]`ūØ
:ƃƉ"7Õ.ļ¬ƪ#%!7#ŷ587
!
4.3.3  PuL^=a?gtX\ƀź(ÚŇþ
 Zr=uM?[ÆOsyDXhtyI©"ƿPuL^=]`ūØ)]`
p{[u(M?R"¥ċ!6ÚĚĎ#!(üŏĖõ"7.ū
ØƂƻfUuƨBQYu"Ɖ98!71#5ūØƂƻºË©#!īŸ
îñŖĿþ:ş1#Ėõ"7ÚŇþ(ƒ)ƟĒhsQWXH#
!ř58!7PMMA3PS%$(ńºËþĪŹ#Ŝ¯þ=Htv{[q`n{
:ŏa?gtX\¯71#"ƟĒþ#æąŊŇþ(ŝƔ:Ɓo-DAP-
Si/ZrO2(­Ġ:ŝƔ71&¥ċ©:ļ¬d{Rou£ŌPuL^=
ūØ:a?gtX\¯ƀź:Figure 4.15&şPMMA&40 wt%(PuL
^=ūØ:Ƨ»ƀź)ŴƟƣŊ88.5%i?R43.8%"

TMPTA&PuL^=ūØ:50 wt%Ƨ»ƀź2ŴƟƣŊ82.8%i?R
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38%"ſƟĒþ(ƀź#%|Đo-DAP-Si"ƿPuL^=¥
ċĺ"a?gtX\¯ƀź)Table 4.1&ş4&mtn{Ă¥°ŉ#¼Ũ
(ƟƣŊ:ş5&Table 4.2&şi?R&!2ĕīĂ¥°ŉ#¼Ũ
"
6Figure 4.16&şÑƍ&!2¼Ũ(ŲĠ:ø185(ŲĠ)o-
DAP-Si&4!ƿ8PuL^=]`ūØ(a?gtX\ƀź"(żÕ%
¥ċþ:şÂ!7.a?gtX\ƀź(æąŊ")$(mtn{Ă¥
:ŏ!2æąŊ½}71#ŝƔ"æąŊ1.5¨ö(PMMA3Ŝ¯
þq`n{:1.7."ǂæąŊ¯"71#ŝƔ"(Figure 4.17, Figure 
4.18).PS&!)1.6#ǂæąŊ(mtn{"
7&2Ʋ95PuL^
=#(a?gtX\¯&!ǂæąŊ¯(½ø58
!
?????????
 ºË©#!2ŏ587fUuƨBQYu(ǁĢ:Ć Zr=uM?[ÆOs
yDXhtyI©(o-DAP-Si?m-DAP-Si):ByWC{u·ü&46»Ă71#
"»Ăo-DAP-Sim-DAP-SiOyIuM?[ÆOsyDXhtyI
©(AB-Si):¥ċ©#!ŏMEKĿ×"d{Rou&46£Ō:ƁPu
L^=¥ċĺ(Ɔ:ƁAB-Si#o-DAP-Sim-DAP-Si:ıƜÊ»ļ
¬ƪ:Òo-DAP-Sim-DAP-Si(Đ¥ċþ)ǂ1#918)
Zr=uM?[Æ"
71#"ūØƂƻ&=uLFOOtuÈƧ½3O
yIuM?[Æ(4&OwFMyŲ»&47 ¢Ƶƙ16&1#&ƙÃ
7#ŷ587o-DAP-Si/ZrO2m-DAP-Si/ZrO2AB-Si/ZrO2(¥ċĺ:ŏ
a?gtX\ƀź(ÚŇþ)¥ċ©%"¥ċPuL^=&ı-!i?R
:Ľ"ǂƟĒ%ƀź:Ɔ".æąŊ1.5¨ö(ĪŹ&â
PuL^=:Ƨ»71#"ǂæąŊ¯71#ºŸ"1.5??1.7(ƼÇ
"æąŊƕčºŸ%ǂæąŊa?gtX\ƀź:Ɔ71#"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